ABSTRACT The effect of 0-1.0 M sucrose on the phase-transition properties of 1,2-dipalmitoyl-3-sn-phosphatidylcholine (1,2-DPPC) was examined by high-sensitivity differential scanning calorimetry at a scan rate of 0.1 K min-'.
INTRODUCTION
The effects of sugars (1, 2) and polyols (3, 4) on the physical properties of phospholipids have been examined using a variety of physical techniques. It has been reported that in the presence of carbohydrates, (monosaccharides [pentoses and hexoses] and dissaccharides as well as trisaccharides), the temperature (Tm) of maximal excess apparent specific heat (Cmax) of 1,2-DPPC is "essentially unchanged" and the calorimetric enthalpy (AHcal) is decreased (1) . Surface pressure-area and surface potential-area measurements obtained from monolayers of 1,2-DPPC indicate that at low-surface pressures mNm-'), sucrose (2 1.5 M) causes the monolayer to become more liquid-expanded i.e., increases the molecular area, which makes the film more liquid in character (2) .
In this brief communication, we report sucrose's effect on the phase-transition properties of 1,2-DPPC. The results differ from those reported by Chen et al. (1) . from 0 M sucrose to 1.0 M sucrose, AH<,,1 decreased bỹ -8-10% (Fig. 2 , Table I ). The addition of sucrose raised Tp and Tm, suggesting that in both cases, this solute is more soluble in the low-temperature phase involved in the transition than in the high-temperature phase. For the gel-to-liquid crystalline transition, adding an ideal solute that increases Tm by 0.6 K and that is insoluble in both the liquid crystalline and aqueous phases would increase A T1/2 to >1 K (8) . The transition remained relatively sharp in 1.0 M sucrose probably because the sucrose concentration in the lipid phases is buffered by the relatively enormous amount of the solute in the aqueous phases (9) , and perhaps also because sucrose is somewhat soluble in the liquid crystalline phase. Although Chen et al. (1) presented data only for 0.2 M sucrose, their findings are significantly different from those reported here. They found a substantial decrease (-40%) in AH,jj for 1,2-DPPC in the presence of 0.2 M sucrose. Also, there was a significant difference in excess apparent specific heat before and after the gel-to-liquid crystalline transition of 1,2-DPPC that occurred when sucrose was present (Fig. 4 in reference 1) , which was not found in the present study. Chen et al. (1, 10) hypothesized that during the phase transition process "there is a melting of 'icelike' water that reflects the difference in the amount of icelike water around the hydrocarbon tails between gel and liquid crystalline phases." They attributed the differences they observed in the phase transition properties of 1,2-DPPC in the presence and absence of carbohydrates to "the smaller difference in icelike water in the two phases in the presence of carbohydrate." The assumption that melting of icelike water is a major contribution to the enthalpy of the gel-to-liquid crystalline transition has been questioned (1 1). Certainly the effects of sucrose observed in our experiments cannot be explained in terms of the mechanism postulated by Chen et al. (1) Other workers have suggested that certain carbohydrates may stabilize membranes at low-water activities (1 1). Our experiments were, however, conducted at high-water activity. It has also been suggested that certain carbohydrates may act as substitutes for H20 at macromolecular surfaces (12) and that OH-containing compounds may alter membrane fluidity through hydrogen bonding with the polar head groups of the phospholipid (13) . The mechanisms proposed for the effect of sucrose on proteins (14) and the mechanism proposed by MacDaniel et al. (4) to explain the effect of glycerol on 1,2-DPPC may help explain the effect of sucrose on aqueous suspensions of 1,2-DPPC liposomes. Data from other techniques such as nuclear magnetic resonance (NMR), Raman spectroscopy, and Fourier transform infrared (FT-IR) spectroscopy, in which phospholipid suspensions are prepared in a defined manner, will be needed before any definite conclusions can be drawn concerning the molecular mechanism of the interaction of sucrose with phospholipids.
Finally, we propose that full calorimetric data, i.e., AT1/2, Tm, Cmax and AHcal, be reported to allow valid comparisons of calorimetric data obtained in different laboratories. An examination of the calorimetric literature relating particularly to model biological systems shows that such complete data are usually not reported.
